Introduction
In the previous paper2\ the axial distribution of pressure was measured for tubulent flow in 90-deg square section bends with long tangents, and an empirical formula of the friction factor for the bends was obtained.
Also, it was confirmed that the distorted flow condition persists for some distance downstream.
It has been noted1] that most of the loss produced by a bend takes place within 30 diameters of the downstream tangent for 90-deg circular bends.
The present work is to obtain experimentally the distorted flow length for 90-deg square section bends with long tangents by measuring in detail the axial distribution of pressure in the downstream tangent.
Experiments
The experimental apparatus is illustrated schematically in Fig. 1 . The water flowed into the horizontal test square section duct through the vertical square duct and the 90-deg square section bend. The mass flow rate was measured by weighing and the liquid temperature was measured in the reservior by a thermometer. All square test ducts were made of brass castings and the length of each side was 14.0 mm. The diameter of each hole in the duct wall for pressure measurementby manometerwas 1.0 mm. Pressure taps of the horizontal square section duct were located at top and bottom walls as shown in The pressure was measured for the dimensionless curvatures 0.0365, 0.0729, 0.146 and 0.292, and Reynolds numbers ranged from 4000 to 20,000. Fig. 2 , where z denotes the distance measured along the downstreamtangent away from the bend. The influence of the bend on the pressure distribution exists for a large distance downstream from the bend.
Results and Discussion
In the bend exit, namely z=0, the pressure at bottom wall is larger than that at top wall, and the pressure at top and bottom walls, except close to the bend, has almost the same value. Also, the pressure decreases almost linearly with distance downstream, except close to the bend, and attains the value for Assuming a constant pressure gradient in the region of distorted flow condition, the axial distribution of pressure in the downstream tangent is shown in Fig.  2 . Lw and Po are defined as the distorted flow length and extrapolated value of pressure gradient line in the region of distorted flow condition, respectively. The dependence of curvature on distorted flow length is shown in Fig. 3 . It is obvious that the distorted flow length becomes greater with increasing value of dimensionless cuvrature, and the distorted flow length takes about 10 to 30 times the width of the square cross-section. To correlate the distorted flow length with dimensionless curvature and Reynolds number, the following considerations are noted. The mean apparent friction factor for the distorted flow condition,/^, and that for fully developed straight duct flow, /si, are defined as follows:
(1) fst = (Pe ~Pw)a/pw2mLw (2) where Pe,Po,Pw and Lw are shown in Fig. 2 . Subtracting Eq. (2) from Eq. (1), the distorted flow length becomes LJ2a= (AP/pw2m)/2(fw -fst) (3) where AP=P0-Pe. The dependence of curvature on AP/pw2m and fw are discussed below.
From the experimental results Po shows almost the same value as the average of the top and bottom pressures at z=0, and AP is considered to be the average increment of pressure at the bend exit. The average increment of pressure increases with increasing value of dimensionless curvature. A good correlation among the average increment of pressure, dimensionless curvature and Reynolds number is obtained, as shown in Fig. 4 . Under the present experimental conditions, the average increment of pressure at bend exit is estimated by the following empirical formula. AP/pw2 m=0M02(a/Ry'32Re0 28 (4) The relation between the mean apparent friction factor for the distorted flow,/w, and Reynolds number is shown in Fig. 5 . From the figure it is obvious that fw is independent of the value of dimensionless curvature. Under the present experimental conditions, the mean apparent friction factor for the distorted flow is estimated by the following empirical formula.
fw=0.06l2Re-°-2
The friction factor of a straight square section duct, f8t, is expressed as Eq. (6) (5) and (6) into Eq. (3), the distorted flow length can be expressed as Eq. (7).
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